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DETAILED DESCRIPTION 

^•.•.^^•.•.'.'.•.•.^•.•S.W.'.'.'.W.W.*.*.^^^ 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to what is suitably used as 1 configuration units, such as semiconductor fabrication 
machines and equipment which come to carry especially the X-Y stage for exposure, about the hybrid type damping vibration removal 
equipment which uses a pneumatic spring and-a voice coil motor as an actuator. 
[0002] | 

[Description of the Prior Art] Conventionally, the device group which dislikes an oscillation is carried on a shock absorbing desk. For 
example, they are an optical microscope, an X-Y stage for exposure, etc. Especially, this stage must be carried on the shock absorbing 
desk which eliminated the oscillation transmitted from the outside as much as possible so that exposure suitable in the case of the X-Y 
stage for exposure and quick may be performed. The X-Y stage for exposure of exposure is because it must be carried out in the state 
of a drop dead halt. Furthermore, the X-Y stage for exposure must be noticed also about having on-off operation called a step & repeat 
as a mode of operation, self generating the step oscillation of a repeat, and this making the shake of a shock absorbing desk cause. 
Also when remaining without being able to set an oscillation of this kind, it is impossible to start exposure actuation. Therefore, the 
shock absorbing desk is asked for realizing the vibration removal to extraneous vibration, and the damping engine performance of the 
forced oscillation resulting from the carried own motion of a device with sufficient balance. 

[0003] In addition, the semi-conductor aligner of the scanning method which irradiates exposure light on a silicon wafer has also 
appeared, making an X-Y stage etc. scan instead of the semiconductor fabrication machines and equipment of the step & repeat 
method of irradiating exposure light to the silicon wafer of loading on this stage, since the drop dead halt of the X-Y stage is carried out. 
As for asking, it is same to fill the vibration removal to extraneous vibration and the damping engine performance to the forced 
oscillation resulting from the own motion of a device carried in the shock absorbing desk with sufficient balance also to the shock 
absorbing desk used for such equipment. 

[0004] Now, a shock absorbing desk is classified into a passive shock absorbing desk and an active shock absorbing desk as everyone 
knows. It is tended to use active vibration removal equipment in recent years in order to meet the demand to high-degree-of-accuracy 
positioning for which the loading device on a shock absorbing desk is asked, a high-degree-of-accuracy scan, high-speed migration, 
etc. As an actuator used for active vibration removal equipment, there are a pneumatic spring, a voice coil motor, a piezoelectric device, 
etc. 

[0005] First, I will explain the configuration and its actuation of the feedback equipment 19 to the pneumatic spring type support saddle 
12 in the active vibration removal equipment which uses a pneumatic spring as an actuator using drawing 3 . the SAPO bulb by which it 
sets to this drawing, and 13 charges and exhausts the air of working fluid to a pneumatic spring 14, and 15 - the direction of a vertical 
of susceptor 16 - it is the viscous element with which the position sensor which measures a variation rate, and 17 express the machine 
spring for precompression, and 18 expresses the viscosity of a pneumatic spring 14, the machine spring 17 for precompression, and 
the whole device that is not illustrated. The device together put from these component parts is called the pneumatic spring type support 
saddle 12. Next, the configuration and its actuation of the feedback equipment 19 to the pneumatic spring type support saddle 12 are 
explained. First, negative feedback of the output of an acceleration sensor 20 is carried out to the preceding paragraph of the electrical- 
potential-difference current repeater 22 for the valve-opening close of servo BARUPU 13 through the low pass filter thru/or band pass 
filter 21 which has suitable amplification degree and a suitable time constant. Stabilization of a device is attained by this acceleration 
feedback loop. That is, damping is given. Furthermore, the output of a position sensor 15 is the input of a comparison circuit 24 through 
the displacement amplifier 23. Here, it is compared with the target electrical potential difference 25 equivalent to the target position to 
the ground surface where the pneumatic spring type support saddle 12 touches, and becomes the deflection signal e. e excites the 
electrical-potential-difference current repeater 22 throughPthis deflection signal 1 compensator 26. Then, the pressure in a pneumatic 
spring 14 is adjusted by the valve-opening close of a servo valve 13, there is no steady-state deviation in the desired location specified 
on the target electrical potential difference 25, and maintenance of susceptor 16 is attained. Here, meaning P, I means integral control 
action proportionally, respectively. The pneumatic spring type support saddle 12 which used the pneumatic spring 14 as the actuator 
has the capacity that a large heavy lift can be carried on susceptor 16. However, a high-speed response was not expectable to the 
closed loop system which consists of a pneumatic spring type support saddle 12 and feedback equipment 19. 

[0006] Next, the feedback equipment configuration and actuation of the support saddle in the active vibration removal equipment which 
uses as an actuator the voice coil motor (henceforth VCM) which consists of a permanent magnet and a coil coil are explained. It 
changes into an integrator through the output signal of an acceleration sensor at a speed signal, the power amplifier which drives VCM 
by this signal is excited, and it becomes the basic configuration of a control loop to give damping to the surface plate supported as a 
result. Drawing 4 is the basic configuration of the control loop in the vibration removal equipment using VCM. In this drawing, an 
integrator for suitable prefilter for 29 to remove offset and the noise of a RF in response to the output signal of an acceleration sensor 
and 30 to change the output signal of prefilter 29 into the dimension of a rate and 31 are the power converters for driving VCM (un- 
illustrating). In addition, a false integrator is sufficient as an integrator 30 if needed. With the active vibration removal equipment which 
uses VCM as an actuator, quick responsibility is the description. However, it causes [ must energize a current steady for the support 
which positions a large heavy lift in a coil coil, and ] an exoergic problem and is disadvantageous. Usually, a control loop is constituted 
so that VCM may be driven only following the generated oscillation. 

[0007] Now, the active vibration removal equipment which uses a pneumatic spring as an actuator has the capacity which was excellent 
in carrying out position control of a position in support of a large heavy lift including a surface plate. However, since the response of a 



control loop is slow, in order to offset the effect of the oscillation which a loading device generates, in respect of the capacity which 
compensates the driving signal of this device, drives the actuator of a pneumatic spring in feedforward, and oppresses the effect of an 
oscillation, it was inferior. On the other hand, although the active vibration removal equipment which uses VCM as an actuator had 
quick responsibility, there is no capacity which carries out point-to-point control of the position of the whole equipment, or it was inferior. 

[0008] Then, it considered making the active vibration removal equipment which uses VCM as an actuator for the attitude control of a 
large heavy lift at the active vibration removal equipment which uses a pneumatic spring as an actuator mainly take charge of damping 
control, and using the vibration removal and the damping engine performance of the whole equipment as an improvement ** plug. 
[0009] There is JP,6-117480,A etc. as a well-known example of the active vibration removal equipment which used both pneumatic 
spring and VCM as the actuator. Here it is the oscillating stripper which used a pneumatic spring and VCM together, the large heavy lift 
on a surface plate supports with a pneumatic-pressure spring, the load which acts on a surface plate from change of pneumatic 
pressure detects, what has the configuration which drives VCM through the compensator which comes to compute the detecting signal 
a control parameter using a suitable algorithm is shown, and what has the configuration which has arranged a pneumatic spring and 
VCM skillfully in the same support saddle collectively is indicated. However, there was no disclosure about the actuator arrangement in 
the support saddle which is a configuration in the case of carrying out attitude control, and is horizontally related in the gravity direction. 
[0010] Furthermore, there is JP.6-42578.A etc. as a well-known example which combined two kinds of vibration removal equipments. It 
is thought out in order to reconcile the vibration removal effectiveness over floor vibration, and the control effectiveness over the 
migration reaction force in a device, and passive mold vibration removal equipment, the half-activity mold damper gear which consisted 
of controllers which control a passive mold damper member or a passive mold spring member, and an electromagnet and this to 
juxtaposition, or half-activity mold rigidity device equipment is indicated. There is an advantage which can be performed cheaply 
[ support of the large heavy lift which includes a surface plate with passive mold vibration removal equipment J, and easily. However, 
the demand of wanting to position the position of a support object delicately was not able to be met. Even if the mechanical adjustment 
of passive vibration removal equipment was able to perform positioning to a desired position, there was a problem of resulting from 
with-time property change of the passive component which constitutes passive vibration removal equipment, and changing a position. 
The following reference is mentioned as a well-known example which shows arrangement of a horizontal pneumatic spring at the end. 
[001 1] Yasuda, Osaka, lkeda: M research of active vibration removal equipment which used feedforward control together" Japan Society 
of Mechanical Engineers collected-works C.vol.58.No.552.p.2381 (1992-8), 

Explanation of a configuration of having arranged eight pneumatic springs in the four corners of a plate-like surface plate is indicated by 
the above-mentioned reference. It remains for the actuator of four pneumatic springs, and horizontal support for support of the direction 
lof a vertical, and four pneumatic springs are arranged. Here, every two pneumatic springs each are used to horizontal x and y shaft 
orientations, and it is arranged in the diagonal location of a plate-like surface plate. The so-called horizontal pneumatic spring is wind- 
mill arrangement. It was an intention to abandon arrangement of the redundant pneumatic spring to a horizontal direction, and to realize 
horizontal damping vibration removal using a necessary minimum pneumatic spring, and it was what offers the equipment configuration 
'which was excellent for industrial equipment. 

[0012] The structure of the pneumatic spring type support saddle to which the support within the level surface of active vibration 
removal equipment using the pneumatic spring as an actuator is made to perform here will be shown in drawing 5 . In this drawing, it is 
a force pin for transmitting to the support-saddle frame 2 to which the support-saddle frame linked to the main frame which supports 1 
by the pneumatic spring and supports 2 by the pneumatic spring 1 , and a machine target, and 3a and 3b touch the machine spring for 
precompression, and 4 touches the main frame and a machine target in the driving force of a pneumatic spring 1 , and the pneumatic 
spring type support saddle 5 which supports the inside of the level surface with these components is constituted. In addition, the slash 
section in drawing shows the part in contact with an installation floor mechanically. Then, the plan when having arranged in the 
pneumatic spring type support saddles 5a, 5b, and 5c of drawing 5 and this structure and the four corners of the surface plate 6 plate- 
like [ 5d ] is shown in drawing 6 . if shown using the xyz system of coordinates in drawing - pneumatic spring type support-saddle 5a - 
the direction of a x axis - as for 5b, each pneumatic spring is arranged at y shaft orientations so that, as for 5c, the direction of a x axis 
and 5d of driving force may be generated at y shaft orientations. That is, wind-mill arrangement of the pneumatic spring is carried out. 
[0013] Next, the structure of the plate mold linear motor 1 1 which is an example of VCM will be shown in drawing 9 . In this drawing, 7 
is a permanent magnet and a fixed frame with which a coil coil and 9 fix the housing of the coil coil 8, and, as for 8, 1 0 fixes a 
permanent magnet 7. When the fixed frame 10 which includes a permanent magnet 7 when a housing 9 is fixed strongly and a current 
is energized in the coil coil 8 fixes a fixed frame 10 strongly and energizes a current in the coil coil 8, the housing 9 including the coil coil 
8 obtains driving force, respectively. 

[0014] In realizing the high Brit type damping vibration removal equipment which used a pneumatic spring and VCM together, how to 
the support saddle of the plate mold linear motor 11 which is an example of a pneumatic spring 1 and VCM to incorporate serves as a 
technical problem, a pneumatic spring - the object for the location <DP N=0004> arrangement of a large heavy lift - VCM - the object 
for damping - it is going to utilize - the time - the inside of the same support saddle - these actuators - I will contain - ** - thinking . 
The support saddle VCM both driving direction generally carried out [ the support saddle ] the parallel arrangement to the pneumatic 
spring so that identically is constituted. Drawing 7 R> 7 shows this example. The plate mold linear motor 11 shown in drawing 9 is 
incorporated into the pneumatic spring type support saddle 5 shown in drawing 5 , and both driving direction is in agreement. However, 
it had the problem which must newly incorporate the plate mold linear motor 1 1 to the device which consists of a pneumatic spring 1 , 
machine spring 3for precompression a. 3b, etc., and a support saddle enlarges. Moreover, resulted from being [ of a pneumatic spring 
1 / driving ] a point, and it of the plate mold linear motor 1 1 being inharmonious, bending was made to generate to the mechanism 
element which fixes both actuators, and there was a problem of having and making the unnecessary oscillation which is not desirable 
cause for vibration removal equipment. 
[0015] 

[Problem(s) to be Solved by the Invention] The active vibration removal equipment which uses a pneumatic spring as an actuator has 
the capacity which was excellent in carrying out position control of a position in support of a large heavy lift including a surface plate. 
However, in respect of the capacity which compensates the oscillation which a loading device generates since the response of a control 
loop is slow, for example in feedforward, and oppresses it, it was inferior. On the other hand, the active vibration removal equipment 
which uses VCM as an actuator has quick responsibility. Therefore, when the oscillation which a loading device generates is detected 
and fed back or it compensates in feedforward, there is capacity which can oppress it in an instant. However, the capacity which carries 
out point-to-point control of the position of the whole equipment is inferior, or did not have the capacity at all. Then, satisfying the both- 
sexes ability of attitude control and damping control was already thought out by constituting the active vibration removal equipment 



which has both pneumatic spring and VCM as an actuator. However, in horizontal control of the active vibration removal equipment 
which supports a plate-like surface plate especially, there is an engine-performance problem which resulted from both actuator not 
being arranged suitably, and solving it was left behind as a technical problem. 
[0016] 

[Means for Solving the Problem] In this invention, the active vibration removal equipment which uses VCM as an actuator for the 
attitude control of a large heavy lift is made to mainly take charge of damping control to the active vibration removal equipment which 
uses a pneumatic spring as an actuator, and it aims at raising the vibration removal and the damping engine performance of the whole 
equipment to it, therefore suitable arrangement of the pneumatic spring within the level surface and VCM is given especially. It more 
specifically has four pieces for four pneumatic springs and VCM(s) as an actuator for arranging in the four corners of a plate-like 
surface plate for the damping vibration removal within the level surface. The pneumatic spring which has the same driving shaft in two 
diagonal locations of a plate-like surface plate is arranged. In two diagonal locations of a couple, the pneumatic spring which has the 
driving shaft which intersects perpendicularly with said driving direction is already arranged, and VCM with the driving shaft which 
intersects perpendicularly with the driving direction of the driving shaft of four pneumatic springs each constitutes the hybrid type 
damping vibration removal equipment which it has near each pneumatic spring. 
[0017] 

[Function] With the actuator of the pneumatic spring by which wind-mill arrangement was carried out, point-to-point control of motion of 
3 within the level surface degree of freedom of the identification board, i.e., the direction translational motion of a x axis, y shaft- 
orientations translational motion, and the rotation of the circumference of the z-axis is carried out to the four corners of a plate-like 
surface plate. 

[0018] The oscillation of three degrees of freedom which act on a surface plate, i.e., the direction advancing-side-by-side oscillation of a 
x axis, y shaft-orientations advancing-side-by-side oscillation, and the rotational vibration of the circumference of the z-axis are 
oppressed by arranging VCM which has simultaneously the driving shaft of the pneumatic spring allotted to four corners each, and the 
driving shaft which intersected perpendicularly near the pneumatic spring. 
[0019] 

[Example] Drawing 1 is drawing showing the configuration of the high Brit type damping vibration removal equipment concerning one 
example of this invention. In this drawing, it is arranged in the hybrid support saddles 28a, 28b, and 28c for horizontal support, and the 
four corners of the surface plate 6 plate-like [ 28d ]. One structure of these hybrid support saddle 28 is shown in drawing 8 . In drawing 
8 , to the driving direction of a pneumatic spring 1, the housing 9 which supports the coil coil 8 has joined the plate mold VCM 11 to the 
member which gave the slash so that it may have the degree of freedom of actuation in it and the direction which goes direct. That is, 
the fixed frame 10 including a permanent magnet 7 carries out movable. Again, with reference to drawing 1 , the driving directions of a 
hybrid support saddles [ 28a 28b, 28c, and 28d ] pneumatic spring are x directions, the direction of y, x directions, and the direction of y, 
respectively, and the driving direction of each plate mold VCM of these support saddles has become in the direction of y, x directions, 
the direction of y, and the x directions. In addition, in order to build drawing 1 , VCM which has the driving shaft which intersects 
perpendicularly with a pneumatic spring and it was contained as shown in the same support saddle at drawing 8 . However, it does not 
necessarily need to be incorporated in the same support saddle. What is necessary is for these [ to which the four corners of a plate- 
like surface plate and the driving shaft within the level surface cross at right angles ] two sorts of actuators to approach in short, and to 
just be arranged. 

[0020] If the content of this invention shown in drawing 1 is expressed briefly after all, it will become like drawing 2 . The arrow head 
which A expresses a pneumatic spring among drawing, and V is expressing the plate mold VCM, and has come out of A and V shows 
the operation direction of the driving force in the xyz system of coordinates of a graphic display. Although each of both of four plate 
molds VCM shown by four pneumatic springs shown by A and V is wind-mill arrangement, if one support saddle is seen, the driving 
direction of a pneumatic spring and the plate mold VCM lies at right angles mutually. Therefore, it has structure which put the wind-mill 
arrangement constituted from a plate mold VCM into the part which became empty by the arrangement to the wind-mill arrangement 
which a pneumatic spring makes. 
[0021] 

[Effect of the Invention] arranging the pneumatic spring as an actuator in the shape of a wind mill in the four corners of a plate-like 
surface plate - redundancy - suppress the activity of an actuator and make with an economical equipment configuration - there was 
****** However, generally the engine performance of a surface plate 6 being made by symmetry structure which it is not possible, and 
the capacity which restrains a rotational position (circumference of the z-axis) inevitably when the device which carries out actuation 
operation is carried on such a surface plate 2 is inferior, therefore resists the moment disturbance of the circumference of the z-axis is 
not enough, either. There was a problem to say. 

[0022] However, according to the hybrid type damping vibration removal equipment of this invention concerning drawing 1 , the 
pneumatic spring by which wind-mill arrangement was carried out is in the four corners of a surface plate, and the pneumatic spring is 
carrying out wind-mill arrangement of the plate mold VCM further for damping to the part of empty arrangement. Therefore, it is 
effective in the ability to fill the positioning engine performance by work of a pneumatic spring, and the damping engine performance by 
work of the plate mold VCM with sufficient balance. 

[0023] Moreover, although deformation of the mechanism element resulting from the inequality of a driving point is made to produce, or 
local mechanical vibration was made to cause in the former which has arranged the pneumatic spring and the plate mold VCM to 
juxtaposition so that a driving direction may become the same and this was degrading the vibration removal and the damping engine 
performance as vibration removal equipment, it is effective in such a problem being avoidable according to the hybrid type damping 
vibration removal equipment of this invention. 



[Translation done.] 
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(54) HYBRID TYPE VIBRATION DAMPING AND ELIMINATING DEVICE 

(57)Abstract: 

PURPOSE: To improve vibration eliminating and vibration damping performance of 
the whole device by mainly making an active vibration resistant device using an air 
spring as an actuator take charge of postural control of a very heavy cargo and an 
active vibration resistant device using a VCM as an actuator take charge of vibration 
damping control. 

CONSTITUTION: In a vibration clamping and eliminating device where an active 
vibration resistant device using an air spring 1 as an actuator takes charge of 
postural control of a very heavy cargo and an active vibration resistant device using 
a voice coil motor 1 1 as an actuator takes charge of vibration damping control, the 
device is provided with four air springs and four voice coil motors as actuators 
arranged in the four corners of a plate-like surface plate for vibration damping and 
vibration resistance in a horizontal plane. Air springs having a driving shaft in the 
same direction are arranged in two places of diagonal positions of the plate-like 
surface plate, and air springs having a driving shaft in the direction orthogonal to the 
driving direction are arranged in two places of a pair of another diagonal positions, 
and the voice coil motors having a driving shaft orthogonal to the driving direction of 
a driving shaft of the respective four air springs, are provided in the vicinity of the 
respective air springs. 
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